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(54) MANUFACTURING METHOD FOR ELECTRODE-MEMBRANE ASSEMBLY AND FUEL CELL USING THE 
ASSEMBLY MANUFACTURING BY THE METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method for 
electrode-membrane assembly and a fuel cell using the assembly 
manufactured by this method. 

SOLUTION: This manufacturing method includes a step of coating 
catalytic metal particles 23 on an ion-exchanged polymer membrane 
with a sputtering method, followed by a step of coating carbon particles 
22 on this membrane with sputtering or arc discharge to form a catalyst 
layer 21 of nanoparticles, and succeeded by a step of bonding this 
membrane with the pole. Otherwise, this method includes a step of 
coating catalytic metal particles 23 and carbon particles 22 concurrently 
on a hydrogen ion-exchanged polymer membrane by the sputtering 
method to form a catalytic layer 21 of nanoparticles, followed by a step 
of bonding this membrane with the pole. 
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* y >y ur-^-y >- M/*-$r-«>*&3 £*r 

ga&a84aott*&35tLtl*, ^ (Pt) B&-C&& 
A\ (Au) . (Pd) , oi>-> 

A (Rh) . (.1 r) . UrT-'fJ*. <R 

u) . a (sn) atf«<j^> (Mo) *y**8(o 

[0044] fil:, PEMFC (Proton Exe 
henge Membrane Fuel Cell; 
*£<f*:/£&R£**S;&) aa*l=l**BBBC!>ttt& 
mtLXP tfr&fc*/^©*-^ HSffifflU D 
MFC (Direct Methanol Fuel 

ceii; sa.**y-;u«*ra») toa^tiip 1 1 
Ru&$#*rLfcffljd^e.fc*/^©*-y? i-sts 

ESBfeBoa*©* * S 2 ~ 1 0 n ml? & S ^ 

t*<a*u\, aBtttt«>e*<D*t s ate 

a&4i*J:9l=ft«. 

[0045] aE&Btta<DA/<?$ y >y*ai*. a 

y, a*L<l*T^*hD>DC (ESS) X/<y*yi/ 
y**$«B-T*. w<D*i»l=*o-Cj(rC*Btt«A<a 

-^oysitsaaii^osay-t?**. 

[0 0 4 6] Bt\ &Btt«4:ftai:©3-x^^y«i 

[0047] sitatr, c^aa^xoj^xv*® 

a i3?*ifc^ *sa#*<D ^7 xv«a«>a^©aBi= * -3 
x/swat—vv h^6aBa**<x/< v* y 

(BB) **t*. 

[0048] -irL-C. wfl>J:?ICLTX/<^*yi/y 

(BB) $*tfcaaa^7^r-p^i=j:-D-cj:yia 
-fc^XTtfd)??^* (mfifipraafcy^fc* 1 ? 1 
®sattors5*i5&aa^-a©a) c»a**i, -ro 

*v$aB» ; f-aa)affiizaa»i3aa$*i.Tc:(DS@ 

(ctt«roa«A<a— r-f **t*„ zo&vte^-T- 

mt * y i=»a znzztw 

Bjt&Xlhh, 

[0 0 4 9] fHBX/(v$U>y©a-f.f><fft# 

I*, aafc-r«tt£o&B®&a. aato&ao^Ba 



2006B 8S 22S S2SJ.max 



£, *5Ste#x£: LTtt7JI»=f>;tfX, *f=itr;u^> 
#X t ^ y * A #X t £S£ $ #T ft 5 S£ #X 

[0 0 5 01 ZtobZs 7;u=f>#XI*, £l=tfJEAjU 

*j<n^-tv h*e»aa»?-*at$Mi=x/<y* u 

iTSAv fcS^tt*Stt#x©»*i«3gf sciick 
oTa»]X*;i,*-©-»£&>!r|z$fi»$l±$„ -t© 
fSs ^U-)Uz$«aiL, *©a*oa£SI»?i>;:i: 
i:*ot, ^ ©£»«**<£■*■ $aMx:|wu¥-©»'> 

asawoicHtt* ■set a< jta«§g can * tis * a 

«t© a *©«&*£«}: y«< LT»flt 
*f=«^, C©«fc5fc&BI»«©a- ; r.< 

x «c amaHsr-fe > ? u btLfcaaaja-e i*. 

«m#X©£a*<BU<fcyS^^5raffljSWfc5. 
[00 5 1] ZO)ji?KXii«j*>)>?tfn¥rZ*ii>& 

iz. #x©e*(* i o ~ i o o o p a ©aai*»-easi= 

J9fiS$*i*tttl=. X/<»;* y >^BI=fll*>*X/< 
?*#>©«*«*« 1 oo~4oow©i8fflrt-eBS 

[0 0 5 2] «rSEX/<v* y V^Safrf 6 

#X©E»©±ffia©»HJ:y tHl^ttfa^LlV, 

* < . esi±*<«b y »t>»«*»«-f * c t mmt 

%o C©*5fca«©»«#*©fcftl::KS*4i.S:tfX 
©E»©«HI*, Httlco. 1~0. OlPatfci. 
X/<?*yi/?©»©#X©EA£l OPa*afc*S 

X/<?*yvy©aica-x* 
«afc©»a 5 left S©T?, ftfc&SlMiift 

#tt©a**$tttt*ttS:i£*<ffiiSiftS. Sfc. #X 
©EA$ 1 0 O o P afli8S#-5t«?-!te^5XvS» 

fiLt&ztwmntttv. *©fc», ££Lfcx/<?* 
y > v znmt a t ^aa t ft s 1 3 raa £ *< & 

[0053] %tz. fllEx/<?* y >^Sfil=l»*5*X 

/<f *#>0>ftAfta*<i oow*y*/h$ua^i= 

I*. ttAa*©/W-A<58^£STi3fa©aS£*nrS 
MMEHSft^ct^BJittfy, tfrEX/W* yv^s 
a/=fflt*)*x/'C?' * *->fl3»ASA*U o o w«fc y 
*l*«*l=l*. JS-ft^XTfcJ&rirt-acfctfBKi 
ftoT* HE/Ouf <Ji9-Vv KBX/<y*y l/?6<* 



©a -x * >*R£ S c: t MSB* ft* 1 1» 5 19 

$ y v^as$**-f^v3SttiB«^K©syfl)-*<© 
si=»Lx<iySLrtT^5cti=*y, 7-</;t-f.;u 

[00541 4*>\ C©£-5KLr=2— f < 

m. a«aAS*s^©x/<^^y>y©»fefr$isa 

£fc. e©*?lcLT«a©*BJ«a-x-f 

R©tt«©aa©*ftsi*, si&#x©E*at;x/<f * 

[0055] Sfc, aE©£?ftx/<?$y >yoia 
•ctt, x/<?* y >$wafrf«aguaE/<Ju*©* 

t$>'<<* X/<-y$y>y*attWl=lTo-CBrl9rott« 
©&H©D— r^>^S*^**yt,. t?L5Bia©« 

ai=#w it^h * y >^*sa-r* * => - 1 
a<a*u\, 

[0 0 5 6] w©*5i=Lr*a-f*>saa»^ao 
a*©Bi=«a©*a*a-T f o^Lfca, 

— r-< >y*^f=*a-r*>3?a?s^a©-35©®i= 
aa©«*&a*x/<-^^ y v^s^. **im** v- 

•e, aa©«isat Lxtiv^vT* t&tfvtiin* y 
A^ai?**tfc'>«< t t-a*aai-$ =. 

[0057] zot$, ft*roflM&S*xA»./*y 
•rsxai*, wrfBWi!t©&a©flttta« x/<<y * y >y 

S. *fc, «lELf=r-^ttmi=J:yaa$a— r-f > 

H$aai=HS5-f * c 1 y y - hiv*-¥-<r> 
*aat»*iBratt*fta©a— f -c > 

[0 0 5 8] «rEaa©aaa*T— 57»a-r*a^i= 
i*. *x©e»$i o~i ooo Pa, assa* 1 0 0 

- Y-n>*-9-a>*% t s-#^-saaa^^3— r-< > 

^4c:i:A<-e#5. ffiffi*x©EAA<i op a *a-e 
x/<«y*y>^©ai=a— ?^>y$*tfc«a 



2006a 8S 22S SfQS.max 



<fc 5&tt«»£<t*fcSfi-K7-fe>?y tJBL'fclltt 

«n?#*L<fciv *fc, mre#x<oE**<i oo op 

fco-c tfigEA;u*ro*— 7*? h (&s§©{imss> 

'J :/?j6<*«-l=*Tfc:btiS«fc5i::«:y. tofc 
toftZOtemo) a— r-f •SCitffflli 
£fc3fcl^R3Hjfi#fc*. *f=£3!HIA<l 0 0A£g 

[0 0 5 9] W8EajR©ttfc35a>*/<v* 'J > 

2~5 nmtfeSCii'aSK, * y L < ttflUtB 

c7) ( =51tffiA<S*y. tt(*05#iIffiS4$£A±Sl*SiMWE 
[0 0 6 0] «lrIELf=*ftlz«»:-3-C»fit$*ifctt«t®(0 
ttSSH©JI*A<1 00ntn$SUi. **-f^>3E» 

aayrottan-foyiu, pemfc (Prot 

on Exchange Membrane Fuel 

Cell ; *>«»HS«8»tB / i fe) <D**t=l4 
0.0 1-0. 2m8/cm 2 ©ttSrt-l?fc.5Ci:AtSS 
L<, DMFC (D i r e c t Methanol F 

ue i ceii .%m*zj-)mnnm) <©»ai= 

ttO. l~2mg/cm l <0|5HrtT?fc*CtA<2*U 

[006 1] t-fc, «TELfc*5il=«J:or3- J r^>y 

<kfl>6ff-<0KSIc*tl,T 2 5-8 5 f?S%©KfflrtT?fe 
*CtA«S$L<, «l=2 5-8OHfi96<0BH«T»ft 
SCtAUySSSLIA, &JSf«l!«ro&*rflWlJ!lfciSH<0 

l*C©&H»BS£«U*iS«-Bt7-fe V?y £fflW=«S 



[0 0 6 2] 2S5&*fcl*3S&©«!8©&«j!><*56W 

ic{is«ai-Kr-b>^yi=affl$*t§»^ictt. urn 
h^fflfflufcy. *fci*2~3a<o^-y^ htfai 

[0 0 6 3] «HKLfcJ:5l=. ^yy-hJU*-y-0!> 

aicit^-c, **-r^->3Egii»»*K«)asT?4i:4K 
x. mzzoj&otjiXiiMf^x&i&toi-mz&mLx 

&aDMFCT?tt, 7/-F«»ftli!«HS»IS(0BII||= 
[0 0 6 4] U±l»MLfc<fc5l=, *r. *m<(*>x 

r< v^as* &a«iai: 
&JStt«$x/<v* y >y-r s*si=i*?y* hP>^ 

adio frequency : RF) 'J >y 

[0 0 6 5] C©,J:3l=LT«l***tS*5eW 

4 £ fc£ * Hi z 1 1= * ?x*nmz% *«8 -B7-tr 

>^y$*is$ii-s. croi#. «rKiin»wia<Dastt 

**-f5f>3Eft»» : fKA<tt<t^*affi (Ne f i o 
n : ±7^*>©«^l=l*1 2 5"C) "Cfcy, 89S21BE 
&a©E*tt*«lO. 196Pa (200kg f/c 
m 1 ) -Cfe*. j&KSat U-CttBrSOJSft 

[0 0 6 6] «rSBSffi-«7-b>^y tz$*A 

-f^-vt^u-r-^seutjK^aafis^-r*. c 
#mm*LxM. 

[0067] 



200613 81! 22^ SSSLmax 



est*. &&. *nwte&T<»nmm<DMzm%i<*iz 

[0068] C&fcfl] 1 ) *f. * jeWICfiS^Hlfifil 1 
(Naf I on1 15; TaifC/tt&l) £ffifflU 

**-f * >2«K»^K«)f»aa$ * 5 i=ff * o 
fc. sr. ffiri5**-r 

*>3E»S^R-CBrS«)*t*©S1t«l« (2 5 cm 

1 0^ P a l-&f#LTfrfcfr:h.fc. 
[0 0 6 9] w©<fc5l=LT«rjltta$tifc*»-C*>S 

y*hQVA/<?*y>?<D&<*i**0ayT?fc*. * 
fcsb*. S(6*xt uxr;u=r>^t^y^A*xt 

<BS£J(U*£nH*fc. 

[0 0 7 0] *LT, Z«>;1^Sl«:|*7;Ud'>^fc'N 
y«3A«Xt05K^fJ^S 1 : liLtffifflLfc. *5> 
l=, E**1 OOPal=ftj*-r*ti:tl-, ^**r-n 

$3 oow£L-cx/<?*y:/?£fTfcofc„ fc*>\ x 
/<?*y>y©h-$;i/<©B#lfflti4 0 0#£Lfcj&'. it 
8tt*B*M©x/<t>* y yasicftiiftSfifc* 

2 0 08>ro2@l=#ltT;*./<>;/$y>*£t7 

fcofc. 

[0071] fifBUfcxy<-y*y>y©iaeA< 

=05J:3«X^y*y>y«>iaSS-<*>$» 

ufc. fcfc, ca>,»:7*x/^^y>y(Dfflai=j:o-c 
=i-T-o<f$titzP t tt«05«k^©*$*^2iaaa 

?BIt&£ft (Transmission electro 
n mlcroscope:T EM) ffi^lC J; 

[00 7 2] 3ltttt» C(0J:5l=U-CEgai=P 
HttilA'a-T-r >f *;frfc*&'f'*-:/3S&ff#*l8* 

5f*>/<i:iALfc. *<7>»> tf^r-fh (Afi) 
8©y77r-f h/<-*<a»S*tfc«Sl=4 0Atf>a[m 



foyifc. c<©«fc5i=Lreiai=p t©4jaM«t 

tSHSa^BA'fc&tifc. 

[0073] cct. 7-^^-v>y<rtfl)tt*$$Si1 O 
KW-^©ffliffi^(0®4:©-t4fe^l=»UT 1 o»-T 

(DM 1 0>**l* tllztt LT 3 SI* OK« LT HIS Ufc . 
CO* 5fti8gl= * ota-f^ >y*#ifctt»Hlc$ 
*^l*P t(0*B««E©^a«:0. 0 2mg/cm* 

■cfcy. *fc8HKa>^fr»£o. oemg/cm'tfc 
y, tt^ttfl>pt©^si«i«at;<oft3fi©^**tt, t 

E MUSICS y ivf 4lt 3nmtft4ui4«W^tS 

ofc. cct. p t .fcyis«&jsMi&fl!>#5si*p t <*> 
a-rstflj-c&ofc. 

[0 0 7 4] *f => CO^KLTtffiSftfc****- 
>S»K»?HI=tt^S*iS*aic#*^*7/- K* 
fcliav-FOSfcHiLT, x H57*tBifl/> 
4^*-y-?^*O^Deu>tA'2 0 : 8 0flD«fcT?K 

^Sihria:*^ h57Jitaifuv-^7Ji/tn 
^□eu>37Ky7-T»i»*«iaA')SS**ifc*-jH>^ 

— /< («&«. E-Tek»«) £<*fflU CtDSftB 

■5Sffi-K7-bV^*y (membrane-elect 
rode aseembly:MEA) $S2&Lfco 

[0075] ut$. mt&x> j r4 >yt&mit* *?h7" 

U^$Sl^1 2 5"CT?flO. 196Pa (2 00kg 
f/cm ! ) ©WaiftmSti-Tas^fflllPEf iZt 

tz*?xnm*titz. c©j:?i=uT*«**ifc*a- 

H7-b>^y$ffi^-C*»ISI=«*PEMFC (Pro 
ton Exchange Membrane Fue 
I Cell ; *38-f*>aSyB«m3ife) 
fc. 

[0076] mtoWZ) TJ-ftfte&ZIXtzKXJ 
^^SEftS^TK (Naf I on 1 1 5 ; fa#^ 
«) »-^<Dffi{=, DC (HESSE) X/<?*y>?2il::<»: 
oTP t©&H(aiflttRu©&B<ttjft4:*e.«*P t - 
Ru(D4Jafl4ttJBA'»fi2$*ls *fc^*ltrafl#l=RF 

(iSHSK) A/<'V*y>^56l=J:oT«*A<a-T^> 
y**ifc. 

[0 0 7 7] AV-KA^StlfcaFffi**^ 
^^ftiB^lgWfft^ffllctt^ttrcUTP t ®&R 



2006a 83 SQ^.max 



#E.t^ t )' l ?U*1i*<l)$J£t$£ttLtzE.*tfl OOP 
^-■efcM. £fcRFX/^*y>?<Dftf*l£3 0 0W 

[0078] C(D«fc5^a-e^*^fcfl*as*affl 

Ttl/^'JMEA (membrane — e I act ro 
da assembly) &t/C(&«S-BI7 
MEA$ffil^;DMFC (Direct Me than 
ol Fuel Ce I I ; lift* */-iUKf«»>' 

[0 0 7 9] ZtokZ* #*^*>$ft»#*ffll<Z>«® 

lea— f-r>^**ifcp t-RuO)*JiS4«ltP t(DA 

mm»<D$tt\t$* 1 . 5mg/cm 2 Tfc^*fc 
«t*0)#^*ttO. 3 7 5mg/om l tftof:. CCD 

n m<D#tf L"Cl % <£ C i: A<T EMfiSlr «fe U « bfr 

[0080] Clt««l1) SSHb*Wlcfr^*i«»a5c 
^iZcfeor0S*X»tta>±iztttts$*ifcp tto^Rtta 

tt* (20%Pt/C, E-Tsktttt) £JBl*T. C 

<&a js was* * *«* kh ? «a u fc 

E A (membrane — a I act rode ass 
amb I y) *tf P EM FC (Proton Exch 
ange Membrane Fuel C e I I ; 7)C 

[008 1] cott*«T-t?fflt^6*tfcP ta>4B»» 

I*. «0)MJI«(0. 2m«/cm 2 ^&y, COP t 

0. 8mg/cm 2 T?fty. P t <&*Rteflt<D£*Tfl: 

Kftl=ttLT2 0%[=««?«tan?fc?fc. Z0±o 
|CLT3-x-r>yS4tfc*a*«0)ttaii»5nm-C 

[0082] cjt«en2] **-fsr>***«TH®± 

lea— t-< V?**ifcP tttttOdttfttfO. 02mg 

JJOtSILtMEA (memb ran e-e I e c t 
rode assembly) JttfP EMFC (Pro 
ton Exchange Membrane Fue 
I Cell; **4*>Si»*tt*A) «»L 



[0083] Ctt8fl3] «ft<b¥tt5^&|C*oT« 
*^6<P*S»#±l=«tt*4tfcP tfl)AJB««fcRu 
a>*««l«fc^&ft*P t-Ru0&RM»<Dtt* (6 
0%Pt/C, E-TekttJI) £fflt>r, ttttftSX 

^u-fticcfcy^*Lfca. meitiKff!2 ^n-o)#tt 

TJMEA (membrane — e I ect rode a 
s s emb I y) 25.1/ DM F C (Direct Met 
hanol Fuel Cell; HIS* $ y - JUtttt 
SSSLfc. 

[0 0 8 4] C0ittt«2-effll>G)Hfc|t|ffiP t-Ru 
(D*iStt«E<7)^att8mg/cm 2 (P t : Ru = 

1 : i) -efcSo £f=, c<Dttttm^jBi***i/cP t 

(D^H»iia)^*l*8mg/cm 2 ^fcy, TWKSJS 
«2attttJI*ij5. 3»£l**<D£fcoT^*. *L 

c:oit«t«2-e3«-7 L ^>y**if=«*0^fti4 

3. 2mg/cm ! tftlJ, P t <Z>£JBttfi(<D£*SI* 

COP t o&mmmonmt&t^onmto^onm. 

f^LX6 0%[cffl^-r*4i(D'Cfcofe 0 *LT* CCD 
J: o \z Lta-f^ >Vi*itz P t <D£Ktt&<7>tt&l* 
«5nm-efcy. a*a>ttSl±»1 OOnmmCi: 

AnEM«sic*yiB&*£fcofc. 

[0085] HUM 4] **-f*>**»»*«OJ: 

tfr&ftsp t-Ru<D&jsfflaatfp t^iMo) 

5mg/cm 2 T?fc«:i:$8t ik«^ 
3i:I^C^rftlCj:yMEA (membrane-el a 
ctrode assembly) XtfDMFC (D I 
rectMethanol Fuel Cell; Hf£ 

[0086] maxim i< tt80n&tffc«W2a>« 
«-«r*>^"j*t4t*#iffl^'c«ia*tifcPEMF 

C (Proton Exchange Membran 
e F u e I Cell; **-f *>X»R»»S») 
IZ. taa*fcT«6BS#Xfc**#a (**£»$£ 
<D#Efc; 1:1) £ £<ft*&LTCt&P EMF C£»f£ 

[0 0 8 7] C*l*(DP EM FCOttffiftte&tffflr&ffl 
atttt&IPflLfclML B5lZ^tTEM«S^KA>& 
*fr**«fc3lc. KllB*lfi«1(Djtt«Bfi^y>-h;U 

?-a>tft?tta>* * * * t Htm i: 
l^zttfWZfrbiSi'otzo 

[0 0 8 8] *LT. ®8IZ^f cfc^lCs 1RGSMM1 

(Dsa-M7-b>^y*ffli>rsa**ifcPEMFcic 



2006t* 81 22m slSSJ.max 



P E M F C t tt^X |8j± * iiX US t U 5 w £ Jtfe* 
[0 0 8 9] M2H!fc0l2. Jt«a3&u:jt«« 

MFC (Direct Methanol Fuel 
Cell ; &&**;-il>&Hmm) IZ2M-**S- 
i\>m&k&iS.b%&%iLXWlft*1ttz&, C*l«,©DM 

Fca>»ai#ttai;a*ffis«tti-otx-cPfiiLfc (0 

9#JS> . 

[0 0 9 0] Cft£©DMFCCD#&f$tlRtf«affi?S 
1#tt*B?fiBUfctS». 06&tf07l=S*TEMaS:f: 
R^&tt>A^J:3l-. affi« 2 ©»«»©«£*<:*■./ 

^ - h/^-y-^is^ttro*^ $ **-r *ss«©&a 

tft*t^&«a**i-CU*. •toe*, =©J:5k« 

[0 09 1] *L-C, H9lc*t«J:5lC. «JESlfi«2 
©*ffi-K7-te>?y *fflurSi6$4xfc DM F Cleft 

•sxity itmm3&vtt&W4<biM!ktb'<x$mftt&. 
ttiifi&&ttm<®tixi\zzi:tft>fr£ 0 wz, an 

2 <DSffi-K7-fc V^J £ffll>TStS$:fcfcDM F C 

ur«it*iifcDMFcttta)a:y, -rs-motkm 
mt nm<j>f&i&xfcjjLZ*ixmiii2tixL'>$> z t \z * 
y. /$/-^px+- 

[0092] 

t*»|::*/*-h;w*-*-©tmft©*t$£:rr 

$tta©aa±a«£*&»a*;fcs«ttf»i=«fcy, = 

©tt«» * * >£»K#*K 1 ©a«®»A<ftlf 

y e^-r «i=»tt©£a©*fr?£a&*&«)i::sa;sttsc 

©9B-0£ U SBHb Sfc&tf a5cEf&©EJS$f)$j!><« L 

< «* u feSffi-Kr -t > ? y $«#r « c £ *<t? s $ 
coaa-Hr-b>7y*ja»*ai=affl-r 
* c t f= j: y aasam** l < «* * c £ a^as 
«»s» £tg(*-r act a< -<?£.&,, 

[0 0 9 3] *fc. z©*3fcft&«©*B£»a££* 

^^3sma»^Bi=aa3-T-< i/^asurtta 
ff£»KWs;:fc;6<T?ssfctt. s«-ar-tr>^ya 
ycoaa-ar-b v^y *«ufcafc«j&©sfea$&2?i 

[0 0 9 4] $6lc. CO«fc5^a-T^>^fflaicJ; 
£B»*<fc3l=BW=Ktt;5ftSc£jb<wa-e*3. * 



T l*ftf®©«tt 5SttS£f £ £«-«7 -b > ? 'J 

* «*:*>©»«©#« saawicjqiTt § c £ t * 

<fc5l=fc*. *fc. ftf**fci*a&*©«»#*£a!i* 

to«cofiiffl«i*A<iai±**i.fc««aii!!*afltf set** 

[O0 0 5] -ftr, 7V-Kra©ffl&B*»B#©JB 
*^£A<T?£Sfc«>DMFC (D I reot 
Methanol Fuel C« I I ;68y*/ 
©*£!::* 

ft *a* $ w«f * c t vx- * * . 
[0096] ia±, *»wu:oivc. miBaa«K a 

»«*©i=arr. *»wi=at4tt«»a-ea«©» 
Mttrrta-cfcivi*. c*ib©sa«i=arjgx-c«-a 
© * «i&a©»r;«9«ffi©s aa nut * =. £ a<*r 

aottttnaaaBttttitaaaaaoaattaaej: 



[Ha©na«Kn] 

[an *a<*>saa««aa©«a«*tHffi-e 

[@2] %»©Siffiicfeit«ttaa©aa$aaM^^ 
■faa-eft*. 

[03] tt£©tt»i::&f*&ttan©tt8$^-fa&a 

V'T'aaa (Transmission elect r 
on mlcroscope.T EM} fiSHC 5 0 

[04] *aai=a«ttaa©aa«aAni=arH0 

[05] «ami-as-a©uaB©aa$«i-aas 
a^-aaa (temj «ai=*s5 07ja©a*¥RT? 

[06] ^amicas%©a©ttai8©aa$^-raa 
^m^-afka hem) aaic**5o^a©a*?a 

[07] *awicffis-€-©a©«©fii«B©aa*«-r 
aasa^aaa (temj aai=j:«5 075f&©a;* 

[08] zmmzm&nmw 1 . at;jt»09 1 *fci*jt 
«a2©PEMFca«a, s 6icfeu-c, aaaaica* 
att-b;i/©aea<b$*t y 9 ? t? fe* , 

[09] *BVIl::ff«a&«2. RU&^.m3^tzltH. 
««4©DEMFCa»»aCfe^T, 
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